R habdomyosaRcoma is the most common soft-tissue sarcoma that occurs in childhood and adolescence. 3 This sarcoma originates from skeletal muscle and is divided into 2 major subtypes according to its pathology, genetics, clinical presentation, and outcome: embryonal and alveolar. 20 Although 16%-40% of rhabdomyosarcomas arise in the head and neck region, most occur in the nasal cavity, parameningeal site, or orbit. 2, 3, 7, 20 Primary intracranial rhabdomyosarcoma is extremely rare, and only 48 cases have been reported. 8, 18 Most, however, were reported in the 20th century, and few patients underwent intensive treatment with chemotherapy and radiotherapy. Therefore, the efficacy of chemotherapy and radiotherapy for primary intracranial rhabdomyosarcoma is unknown, and the treatment strategy has not been established. We present a case of primary rhabdomyosarcoma arising in the pineal region that was successfully managed with aggressive multimodal therapy including surgery, chemoabbreviatioNs APBSCT = autologous peripheral blood stem cell transplantation; CBDCA = carboplatin; CDDP = cisplatin; CPA = cyclophosphamide; CR = complete remission; GCT = germ cell tumor; HDC = high-dose chemotherapy; IRS-V = Intergroup Rhabdomyosarcoma Study V; L-PAM = melphalan; SLO = second-look operation; VP-16 = etoposide. Primary intracranial rhabdomyosarcoma is quite rare, and its prognosis is poor compared with that for rhabdomyosarcoma in other organs. The authors present a case of pineal rhabdomyosarcoma successfully managed with multimodal therapy including surgery, chemotherapy, radiation, and high-dose chemotherapy (HDC) followed by autologous peripheral blood stem cell transplantation (HDC/APBSCT). An 8-year-old girl presenting with headache and nausea was referred to the authors' institution. Computed tomography and MRI revealed a pineal tumor associated with obstructive hydrocephalus. Subsequently, an emergent endoscopic tumor biopsy and third ventriculostomy were performed. The patient's symptoms immediately improved. The most likely pathological diagnosis was embryonal rhabdomyosarcoma. Chemotherapy with etoposide, cyclophosphamide, cisplatin, pirarubicin, ifosfamide, actinomycin D, and vincristine was followed by a second-look operation and whole-brain and craniospinal radiation. Because the intraoperative findings and pathological examination of the second operation suggested a definitive diagnosis of rhabdomyosarcoma and the presence of viable residual tumor cells, HDC with etoposide and melphalan was followed by APBSCT. The patient was discharged from the hospital without residual tumor or any neurological deficit. No recurrence was observed at 30 months. This is the first case of primary pineal rhabdomyosarcoma treated with HDC/APBSCT. Although the efficacy of HDC/APBSCT for rhabdomyosarcoma has not been established, the prognosis of primary intracranial rhabdomyosarcoma treated with conventional treatment is quite poor. High-dose chemotherapy followed by APBSCT may contribute to a better prognosis for primary intracranial rhabdomyosarcoma.
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case report

History, Examination, and First Operation
An 8-year-old girl complaining of headache and nausea visited another hospital. A pineal mass was noted on head CT, and the patient was referred to our institution. An admission neurological examination revealed no significant deterioration; however, she did complain of headache. Head CT (Fig. 1A and B) revealed dilation of the bilateral ventricles and a pineal mass without calcification or hemorrhage. Magnetic resonance imaging (Fig. 1C-F ) revealed a pineal mass 35 mm in diameter that showed hypointensity on T1-weighted imaging, hyperintensity on T2-weighted imaging, and good enhancement on contrastenhanced MRI using gadolinium. b-Human chorionic gonadotropin and a-fetoprotein were negative in serum and cerebrospinal fluid. We performed emergent endoscopic third ventriculostomy for obstructive hydrocephalus and tumor biopsy. A flexible neuroendoscope (VISERA ventricular videoscope, type VEF-V, Olympus) was inserted from the right frontal lobe with an approach to the anterior horn of the right lateral ventricle. The patient's symptoms improved soon after the surgery.
Pathological Examination
A small biopsy specimen was obtained for pathological analysis. Hematoxylin and eosin staining ( Fig. 2A and B) revealed a bundle-like proliferation of hyperchromatic, round, and spindle-shaped immature cells and spindle cells with eosinophilic cytoplasm with differentiated myofibrils resembling striated muscle cells. These tumor cells accounted for almost the entire specimen. Cartilage components were also observed but were only found in a small portion of the specimen. Components suggestive of germ cell tumor (GCT) or pineoblastoma were not observed. On immunohistochemical staining, striated muscle-like tumor cells stained positive for desmin (Fig. 2C) , and immature tumor cells were also partly positive for desmin. The labeling index for Ki-67 was significantly high, with > 50% Ki-67-positive tumor cells (Fig. 2D ). In addition, negative placental alkaline phosphatase (PLAP), oct 3/4, synaptophysin, chromogranin A, and neurofilaments in any of the tumor cells also supported the lack of evidence for GCT and pineoblastoma. The most likely pathological diagnosis was embryonal rhabdomyosarcoma.
Second-Look Operation and Postoperative Treatment
The tumor was growing rapidly approximately 2 weeks after the operation (Fig. 3A) . Contrast-enhanced wholebody CT revealed no apparent metastatic lesions, and the pretreatment staging 10 ). An MRI study after 2 courses of chemotherapy (Fig. 3B ) showed significant reduction of the tumor. During this period, to determine whether further applications of chemotherapy and radiotherapy were required, definitive histopathological diagnosis with a sufficient amount of tumor specimen was desirable. In addition, the patient's clinical condition was favorable for surgical intervention. On MRI, the pineal mass presented hyperintensity on T2-weighted sequences (c), hypointensity on T1-weighted sequences (D), and good enhancement on axial (e) and sagittal (F) contrast-enhanced MRI using gadolinium.
Therefore, we performed a second-look operation (SLO) via the left occipital transtentorial approach and resected the tumor as much as possible. Although we were able to resect a majority of the tumor, a small amount of residual tumor adhered firmly to the dorsal midbrain and could not be resected. At this operation, pathological examination (Fig. 4 ) of the tumor showed viable and striated muscle-differentiated tumor cells that were positive for desmin. These cells were therefore considered to be rhabdomyoblasts. Degenerative tissue formed by chemotherapy was also observed; however, immature tumor cells that were recognized in the first operation were not seen. In addition, other components suggestive of teratoma, GCT, or pineoblastoma were not observed, and a definitive diagnosis of rhabdomyosarcoma was confirmed.
Because MRI after the first operation ( Fig. 3C ) had also suggested the presence of a small amount of residual tumor, we administered further intensive chemotherapy on the basis of the radiological, intraoperative, and pathological findings. Therefore, after the SLO, the patient under- 2 /day on Days -3 and -2) followed by APBSCT (on Day 0). We referred to the high-dose L-PAM, VP-16, and carboplatin (CBDCA) (Hi-MEC) protocol 11 for treatment but decided that the combined administration of CBDCA and L-PAM would present a risk because the patient's serum creatinine was elevated from 0.29 to 0.50 mg/ dl after the chemotherapy and radiotherapy. Therefore, we used VP-16 and L-PAM but not the CBDCA as the preparation regimen for APBSCT. For the APBSCT, 5.0 × 10 6 / kg CD34-positive cells were infused, and the percentage of viable cells was 78%. Mucosal damage appeared on Day 3, and transient fever > 38°C appeared on Day 4, but blood culture detected no growth of bacteria. Serum neutrophil cells recovered to > 500/ml on Day 10. After these treatments, MRI (Fig. 3D) showed no evidence of residual tumor. The patient was discharged from our hospital without any neurological deficit and was alive 30 months after diagnosis with no evidence of tumor.
Discussion
Among the previous 48 reports of primary intracranial rhabdomyosarcoma, the frontal lobe and cerebellum were the most common tumor sites. 8, 18 There has been no report of primary pineal rhabdomyosarcoma, but 2 cases of secondary rhabdomyosarcoma arising in a pineal teratoma have been described. 5, 15 In the present case, mixed GCT or malignant transformation of a teratoma associated with a rhabdomyosarcomatous component was strongly considered as the differential diagnosis after the first operation. However, because no components apart from the rhabdomyosarcoma were observed, the patient was started on treatment under the most likely diagnosis of rhabdomyosarcoma. Pathological examination at the second operation presented only components of striated muscle differentiation, and other tumor components were not observed. Therefore, a definitive diagnosis of rhabdomyosarcoma was eventually confirmed. The prognosis of pediatric rhabdomyosarcomas has improved over the past 2 decades, and the 5-year survival rate is > 85% in patients with low-grade, localized embryonal rhabdomyosarcomas. 20 However, the prognosis of metastatic rhabdomyosarcoma has not improved, and the 5-year overall survival remains between 20% and 30%. 3 Similarly, primary intracranial rhabdomyosarcoma has a poor prognosis, with overall survival reaching only 9.1 months. 6 However, most reports of primary intracranial rhabdomyosarcoma were published in the 20th century, and very few patients in those reports underwent multimodal chemotherapy and radiotherapy. There are 8 previous cases (Table 1) of primary intracranial rhabdomyosarcoma with long-term survival > 24 months. 1, 4, 6, 8, 12, 13, 19 Postoperative radiation and chemotherapy with multiple anticancer drugs were administered in all but 1 patient, who received only radiation postoperatively. The treatment strategy has not been established because this tumor is too rare to conduct clinical study for treatment; however, results in these documented cases suggest the efficacy of multimodal treatment for primary intracranial rhabdomyosarcoma. In our case, the first 3 courses of chemotherapy with VP-16, CPA, and CDDP resulted in significant reduction of the tumor, which also indicated the efficacy of intensive chemotherapy using a multiagent regimen for primary intracranial rhabdomyosarcomas.
Second-look operation has been recommended in some reports, 3, 16 if feasible, for cases in which the tumor was not completely resected in the first operation. A lower relapse rate has been reported in patients who had complete remission (CR) with SLO than in those who obtained CR with chemotherapy alone. 3 The existence of viable tumor in an SLO has also been reported as a risk factor for local control of rhabdomyosarcoma. 16 Although the timing of an SLO is not standardized, as in our case, a previous protocol of the European Intergroup Study 3 defined the period after the second course of chemotherapy as the appropriate time for an SLO. In our case, pathological examination after the SLO was useful to confirm viable tumor cells and chemotherapeutic efficacy.
The efficacy of HDC/APBSCT for rhabdomyosarcoma is controversial. Some authors have stated that a better metastatic rhabdomyosarcoma prognosis can be achieved with HDC/APBSCT treatment, 7,9 but statistically proven efficacy has not been reported.
14 Because of the poor prognosis of rhabdomyosarcoma in patients with advanced stage or metastatic disease, HDC/APBSCT has been performed experimentally in patients who were likely to have a poor response to the usual-dose chemotherapy. In pre- 
17
Although our case was not actually classified as high risk in the IRS-V, we applied whole-brain and spinal radiation and HDC/APBSCT in addition to conventional chemotherapy after considering the poor prognosis of primary intracranial rhabdomyosarcoma, the presence of residual tumor in the intraoperative findings at the SLO, and the existence of viable tumor cells in the pathological examination after the SLO. This is the first case of primary intracranial rhabdomyosarcoma treated using HDC/APBSCT in which the patient has survived for > 24 months. Studies with longer follow-up periods and a greater number of cases are needed to prove the superiority of HDC/APBSCT versus conventional chemotherapy and radiation.
conclusions
This is the first reported case of primary pineal rhabdomyosarcoma and the first case of primary intracranial rhabdomyosarcoma successfully managed with multimodal treatment including surgery, chemotherapy, radiation, and HDC/APBSCT. The adequacy of HDC/APBSCT is still controversial for high-risk rhabdomyosarcomas; hence, more cases are required to certify the efficacy of this treatment for primary intracranial rhabdomyosarcomas.
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